Introduction
Nitrogen containing heterocyclic compounds has received considerable attention due to their wide range of pharmacological activity. The increasing importance of pyrimidine and its derivatives as intermediates for the synthesis of biologically active compounds has led to continued development of new simple procedures for their synthesis. Pyrimidine is the parent substance of a large group of heterocyclic compounds and plays a vital role in many biological processes, as found in nucleic acids, several vitamins, co-enzymes and purines, etc. Pyrimidines are considered to be an important precursor because they are integral part of the genetic material viz, DNA and RNA as nucleotides and nucleosides but they also impart numerous biological activities such as bactericides, fungicides, vermicides and insecticides. They also found application in agricultural and industrial chemicals. The chemistry of pyrimidines [1] and its derivatives has been studied since past century due to their close pharmacological association with diverse pharmacological properties. Though pyrimidine itself does not exist in nature but substituted pyrimidines are found as part of more complex system and are widely distributed.
These pyrimidine derivatives have been reported to possess a variety of biological activities [2] [3] [4] [5] [6] , notable among which are the antibacterial [7] , anticancer [8] , anti-inflamatory [9] , antitubercular [10] and analgesic [11] activities.
The chemistry of pyrimidines [12, 13] has been discussed previously. Therefore, in the present investigation it has been considered worthwhile to synthesize some new pyrimidine derivatives by conventional and microwave irradiation methods (MWI) (the industrial type of microwave oven used is system catalyst) and comparison between two methods. Therefore a number of pyrimidine derivatives (2,4,6-trisubstituted pyrimidines) were synthesized and in view of varied biological and pharmacological importance. It is felt worthwhile to evaluate them for their possible activities; these compounds therefore were screened for cytotoxic activity and anti-oxidant activities etc.
The synthesized compounds were purified by using recrystallization (ethanol) or by chromatographic (ethyl acetate/hexane mixture) methods. The compounds were characterized by 1 H NMR, 13 C NMR and IR analysis. The physical properties of the compounds were also included.
Experimental

Instrumentation
Melting point of the synthesized derivatives was determined by digital melting point apparatus (SMP 10). The NMR spectra were recorded on a BRUKER DRX 400 spectrometer at 400 MHz ( 1 H) and at 100 MHz ( 13 C). IR spectra were recorded using Bruker ALPHA FT-IR spectrometer. High resolution mass spectra were obtained on Agilent 6100 Series Single Quadrupole LC/MS.
Scheme 1
General procedure for the synthesis of pyrimidines
Conventional method
The condensation of the chalcones (0.001 mol) with guanidine hydrochloride (0.001 mol) in alkaline medium viz, in potassium hydroxide (0.003 mol) in the presence of ethanol (10 mL) at reflux temperatures (2 to 6 hours) resulted the formation of corresponding pyrimidine [14] [15] [16] [17] [18] derivatives (Scheme 1). Completion of the reaction was identified by observing on precoated thin layer chromatography (TLC) plates, using ethyl acetate and hexane mixture as mobile phase. The pyrimidine derivatives on purification obtained as fine wine red powder.
Microwave irradiation method
The condensation of the chalcones (0.001 mol) with guanidine hydrochloride (0.001 mol) in alkaline medium viz, in potassium hydroxide (0.003 mol) in the presence of ethanol (10 mL), the entire reaction mixture was microwave irradiated at 180 watts for about 2-16 minutes, then kept aside for 2-3 hrs, resulted the formation of corresponding pyrimidine derivatives (Scheme 1) (Catalyst Scientific Microwave Oven, Model: CATA 2R, Range: 140-700 W, Make: Catalyst System, Pune, India). Reaction completion was identified by TLC precoated plates. Ethyl acetate and hexane mixture was used as mobile phase. The pyrimidine derivatives on purification obtained as fine wine red powder.
Cytotoxic activity
Brine shrimp lethality test (BSLT)
Brine shrimp lethality test have been used as bioassay [19] [20] [21] [22] [23] [24] for a variety of toxic substances. This method has also been applied to compounds in order to facilitate the isolation of biologically active compounds. A general bioassay that appears capable of detecting a broad spectrum of bioactivity, present in crude extracts and in synthetic compounds is the brine shrimp lethality bioassay, to study the cytotoxic activity of 2,4,6-trisubstituted pyrimidine derivatives (Compounds 4a-i).
Brine shrimp lethality bioassay was carried out to investigate the cytotoxicity of the synthesized compounds. Brine shrimps (Artemia salina) were hatched using brine shrimp eggs in a conical shaped vessel (1.0 L), filled with sterile artificial sea water (prepared using sea salt 38 g/L and adjusted to pH = 8.5 using 1.0 N NaOH) under constant aeration for 38 h. After hatching, active nauplii free from egg shells were collected from brighter portion of the chamber and used for the assay. Ten nauplii were drawn through a glass capillary and placed in each vial containing 5 mL of brine solution. In each experiment, test substances whose activities are to be checked were added to the vial according to their concentrations and maintained at room temperature for 24 h under the light and surviving larvae were counted.
Experiments were conducted along with control (vehicle treated), different concentrations (1-5000 µg/mL) of the test substances in a set of three tubes per dose. Replicas should be maintained to get accurate results.
Statistical analysis
The percentage lethality was calculated from the mean survival larvae of compounds treated tubes and control. ED50 values were obtained by (best-fit line method) plotting a graph, taking concentration on x-axis and percentage inhibition on yaxis, at 50% of the percentage inhibition the line was drawn from y-axis and aligned with the concentration on x-axis then got the ED50 values.
Antioxidant activity
Free radicals are formed constantly in human system either as accidental products during metabolism or deliberately during the process of phagocytosis; or due to environmental pollutants, ionizing radiations, ozone, heavy metal poisoning, cigarette smoking and chronic alcohol intake. Free radicals being highly reactive can oxidize biomolecules leading to tissue injury and cell death. In the present study in vitro antioxidant activity is done by nitro blue tetrazolium (NBT). The IC50 values of chalcones tested for their antioxidant activity. Solvent used in the test for compounds was DMSO (dimethylsulphoxide).
Superoxide free-radical scavenging activity (Riboflavin photo reduction method (NBT))
Superoxide scavenging activity of the compounds was determined by Mc Cord and Fridovich method [25] , which depends on light induced superoxide generation by riboflavin and corresponding reduction of nitro blue tetrazolium (NBT). The assay mixture contained EDTA (Ethylenediamine tetraacetic acid) solution (6.6 mM) containing NaCN (3.0 µg), riboflavin (2.0 µM), NBT (50.0 µM), test substances and phosphate buffer (67.0 mM, pH = 7.8) in a final volume of 3.0 mL. The absorbance at 560 nm were measured before and 15 minutes after illumination. All tests were run in triplicate and mean values were used to calculate percentage scavenging ability and IC50 values were calculated (using linear regression analysis). The inhibitory effects of samples on the generation of superoxide anions were estimated by the equation 1.
where A0 is the absorbance with no addition of sample, A1 is the absorbance with addition of sample. To study superoxide free radical scavenging activity of 2,4,6-trisubstituted pyrimidine derivatives (4a-i).
Results and discussion
In the present study, we have performed the synthesis of pyrimidine derivatives by conventional and microwave irradiation method in Scheme 1 but to reduce the reaction time, it was decided to synthesize the compounds by microwave irradiation, which can be more effective, faster and energy efficient in addition; we have compared those with others that were obtained via conventional heating methods and results were mentioned in Table 1 -3. The compounds have been confirmed by spectral data, elemental analysis. The synthesized compounds were evaluated by various pharmacological methods like cytotoxic activity and anti-oxidant activities, pharmacological activities, based upon the type of substitution present on aromatic ring-b, the compounds are showing moderate activity or more activity. The procedure and results of both the activities are given below and the compounds 4a, 4f and 4g proven to be more potent for cytotoxic activity, the compounds 4c, 4d, 4f and 4h possessing good anti-oxidant activity.
Cytotoxic activity
Brine shrimp lethality test have been used as bioassay for variety of toxic substances. All the 2,4,6-tri substituted pyrimidine derivatives (4a-i), were tested for cytotoxic activity by the Brine shrimp lethality test (BSLT) bioassay method, and all the compounds were found to possess cytotoxic activity. DMSO was used as a solvent. Among them few compounds showed a dose dependent cytotoxic activity at concentrations of (4a) 4.13 µg/mL, (4c) 4.97 µg/mL, (4f) 4.13 µg/mL, (4g) 3.61 µg/mL and (4i) 36.61 µg/mL. The remaining compounds exhibited less activity when compared with the above mentioned compounds at various concentration levels. Podophyllotoxin was used as a standard drug for BSLT assay method. By comparing the results; compounds 4a, 4f and 4g found to be the best among all the tested compounds. The results and complete data of test present in Table 4 .
The potency of the pyrimidine derivatives was estimated by ED50 values. Few of the pyrimidine derivatives showed good percentage inhibition but their ED50 values were more. Hence they were less potent among the tested compounds with respect to ED50 values. 
Antioxidant activity
The in vitro antioxidant activity and scavenging effects of the 2,4,6-trisubstituted pyrimidine derivatives (4a-4i), were evaluated by using different reactive species assay containing NBT-superoxide free-radical scavenging activity. The potency of the pyrimidine derivatives was estimated by IC50 values. The IC50 values of pyrimidine derivatives synthesized in the present study were given in Table 5 and Figure 1 . 
NBT-superoxide radical scavenging activity
All the 2,4,6-tri substituted pyrimidine derivatives (4a-i), were found to scavenge the superoxides generated by photo reduction of riboflavin. Among them, compounds 4c, 4d, 4f and 4h showed a dose dependent inhibition of superoxide radicals at concentrations of 25, 50 and 100 µg/mL. The remaining compounds exhibited less activity when compared to the above compounds at similar concentration levels and presented in Table 5 and Figure 1 .
Gallic acid, the known antioxidant was employed in the study as a standard drug for comparing the results, at concentrations of 0.25, 0.50 and 0.75 µg/mL; compound 4c appears to be the best among all the tested compounds. Few of the pyrimidine derivatives showed good percentage inhibition but their IC50 values were more. Hence they were less potent among the tested compounds with respect to IC50 values. 
Conclusion
All the synthesized nine compounds (4a-i) were purified by recrystallization or by column chromatography. The identification of compounds was established by single spot TLC, melting point and by spectral analysis involving IR, 1 H NMR, 13 C NMR, Mass and elemental analysis. Since pyrimidines were widely reported to possess cytotoxic activity and antioxidant activities etc. All the pyrimidine derivatives were evaluated for the above mentioned activities.
From the BSLT bioassay it was proven that most of the pyrimidine derivatives are potent and possessing cytotoxic activity. And the compounds also exhibited promising antioxidant activity.
